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(g) Enzymatic synthesis of purine arabfoonucleoaides. 

@ The synthesis comprises reacting a purine base with 
arebinose-1 -phosphate in the presence of an arabinosyl- 
transferring enzyme system of the phosphoryiase type. 
Arebinose-1 -phosphate is preferably generated in situ, in 
particular from a pyrimidine arabinoside by the action of a 
pvrimidine nucleoside phosphoryiase. The enzymes are 
preferably purified from B. coh B (ATCC 11303). 
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Thi 8 invention reUte6 to a procegs prepar .^ pur . ne 

arabin ° nUCle08ldeS — Particularly, relates to a novel 

Process for the cn 2ym a tic synthes.s jf the 

of purine and substituted purine derivatives. 

The arabinonucleosides of purines, especially those of 
adenine and 2 , 6-d lam inopurine, are useful and valuable as 
antiviral agents, but me ans hitherto known for their produc- 
tion have involved either somewhat complex che.icai processes 
or difficult fermentation procedures. Although the production 
of ribonucleosides and 2 • -deoxyribonuc leosides of certain 
purines and purine analogues f roa naturally occurring pur.ne 
nucleosides, purine nucleotides, pyridine nucleosides, and 
^rimidine nucleotides have been described (I.ada and Igarasi, 
Ann .Rep.. Takeda Res., 1966> «. Krenitsky et al . , j. giol . 
£hSE-. 1967, 242, 2675; Sivadj ian et al . , Ph^. ^ . , lgfi9> 
1, 31; Kaminura et al., Agr. Biol. chem. f ig73> ^ ^ ^ 
Holquin et al. , Eur. j. Bioche.. , 1975 , 5A, 5l5 . Stout ^ ^ ^ 
-Methods in Carbohydrate Chemistry, Whistler and Miller, Eds. 

^- ,VII, p. 19, Academic Press, N.Y., 1976; U.S. Patents No. 

3 269 > 

' ' • and No. 3,135,666), no such enzy^tic synthesis of 
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purine arabinonucleosides has been reporto.d. Furthermore, 
it has been reported that one of the enrymes used \n the 
present invention, purine nucleoside phosphorylase , is 
not capable of utilising arabinonucleosides as substrates 
(Doskocil and Holy, Coll-i Czechoslov . Chem . Commun . , 19^7, 
42, 370). 

According to tbe present invention, there is provided 

a process for producing 9 -£-D -arabinonucleosides of purines 

which comprises reacting a puring base of formula (I): 
E 6 



(I) 



1 - " . 

? 6 
10 wherein a)R* is a hydrogen atom or an amino group and R is a 

hydrogen or halogen atom cr a hydroxyl, mercapto, amin o, 

alkoxyl, alkylthio, aryl (lower) alkylthio or mn alkylamino 

2 6 . " 

group; or b) R is a fldttrThe atom and R is an amino 

group; or c) R^ is a methylamino group and R^ -is an amino or 

15 methylamino group; with arabinose-l-puosphate, in the presence 

of an arabinosyl transferring enzyme system of the phosphdry- 

lase type, and recovering the purine arabinonucleoside of 

formula (II) thus produced, 
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HO-CH 



(II) 



10 



Viierein R anc | are as hereinbefore defined, from the 

reaction medium. 

As used herein the term "alkyl" is denoted to mean an 
alkyl group having one to twelve carbon atoms in a straight 
or branched chain. The term M ( lover) alkyl" is defined as 
an alkyl group having one to seven carbon atoms in a straight 
or branched chain. 

A particular advantage of the above enzymatic synthesis 
is that whilst traditional methods employed in organic chem- 
istry for making these compounds often yield products of 
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humans etc., or may be administered orally in a tablet at a 
dosage of 1 to 100mg/kg of mammal body weight. 

The antiviral activity of the arabinonucleosides of 
adenine and bypoxanthine (R, - H. R 6 - NH, or OH in formula 
II) has been documented in the literature (F.M. Schabel, Jr., 
Chemotherapy, 13, 321 (1968)). The activity of aeveral 
disubstituted purine arabinosides where R £ - NH 2 
R 6 - KU 2 , OH, NHCH 3 , or SH and where - HHCH^» * 6 - ^ 
or NHCH 3 -has also been reported (G.B. Elton, et. al., Ann. 
H.Y. Acad. Sci., 255, 468 (1975). 

Some purine arabinosides of formula (II) have been rep- 
orted as antitumor agents, e.g., where R 2 - H and R & - 
NHCH 3 or SH (J.J. Brink and G.A. LePage, Fed. Proc . , 
22, 184 (1963); J.J. Brink and G.A. LePage, Can. J. Biochem. 
Physio., 43, 1 (1965); A.?. Kigali, et al. , Can. J. Biochem. 
Physiol., 42, 1753 (1964)) and where ^ " F, R & « NH 2 
(R.W. Brockman, et al. . The Pharmacologist, 19 , 208 (1977)). 

Furthermore, some of the purine arabinosides of formula 
(II) are useful as chemical intermediates, for example, Rj - H. 
r 6 - CI was reacted with a variety of nucleophilies in 
order to prepare ether purine arabinosides where R £ - H; 

R - OCH,, NHCH- , NHOH or N(CH 3 ) 2 and where Rj - H; 

6 3 -j 

R - SH the compound was methylated or reacted with 

6 

chlorine gas to give R 2 = H and R fi - SCH 3 and Cl, 
respectively. (E.J. Reist, et al, J. Org. Chem. , 27. 3274 
(1962)). When R 2 « H or NH^ and R fe - SH , the compounds 
can be reacted with alkyl halides to give Rj " « « 
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NH 2 ; R 6 - alkylthio which can be reacted with nuclecphil ic 
reagents such as metal alkoxides and amines. When 
*2 - H or NH 2 and R fi - SH the compounds can be reacted with 
alkylhalides and aryl(lover) alkyl halides to give the corres- 
ponding 6-alkylthio or aryl (lower) alkylthio co ap ou^ s which 
can be reacted with nucleophili c reagent, such as metal 
alkoxides and amines. When H or NH 2 and R 6 - 

SH, alkylthio, aryl (lower) alkylthio, the expounds can be 
reacted with reagents .uch as chlorine gas or hydrogen peroxide 
followed by reaction with a nucleophile in order to prepare 
a variety of compounds which are antiviral agents. The 
expounds of ferula (II) wherein R & - SH , alkylthio 
or aryl (lower) alkylthio and ^ - H or NH 2 may be dethio- 
lated with Raney nickel in water or ethanol at reflux temp- 
erature to p.-oduce t>e useful antiviral compounds of formula 
(II) where R £ - H or JH 2 and Rfi - H as is conventional in 
the art. wheu R 2 > ^ ar . d ^ . ^ ^ ^ 

displaced by racleo,.hile« or hydniysed in order to prepare 
active agents. 

Although ;he arabinose-l-phosphate may be provided by 
synthetic processes known in themselves in the literature 
(Wrisht, R.S. aad Khor-.na, H.G., J. Am. Chem. Soc., 19S4 
(1958)), it cai be convenient or even advantageous if the 
same is genera. ed enzymatically in situ from an arabinosyl 
donor and an in^ganic phosphate to obtain the required 
arabinose-l-phosrhate. Although the reactions may be carried 
out separately t, t is, by isolating the arabinose-l-phosphate 
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from an enzymatic reaction or chemically synthesizing arabin- 

oae-l-phosphate and using it as a starting material, it has 

been found advantageous to carry out both reactions in a 

"one-pot" process by forming the arabtnose-l-phosphate 

5 intermediate in situ . The net effect of the coupled reactions 

therefore is the transfer of the arabinosyl moiety of the 

donor arabinonucleoside to the free purine base, thereby 

producing the desired arabinonucleoside. 

The arabinosyl group donor may be a paring arabino- * 

10 nucleoside for example, adenine arabinonucleoside 

a pyrimidine arabinonucleoside for example, 

uracil arabinonucleoside (see Examples II, III, * « mix- 
both tyr>es,or even a mixture of 
ture o£)fva"rious arabinonuc leos ides and non-nucleoside material. 

However, for the purposes of the present invention it is pref- 
ix erable that the arab.'-nosyl group donor is substantially free 
from non-nucleoside material and also that it is a pyrimidine 
arabinonucleoside. 

The reasons for the preference for the use of a pyrimid- 
ine arabinonucleoside as the donor are two-fold. Firstly, 
the properties of the donor arabinonucleoside are sufficiently 
different from those of the desired product to facilitate 
easy purification. Secondly, the donor base liberated during 
the course of the reaction is a pyrimidine rather than a purine 
which results in substantially less competition between the 
^ donor base and the acceptor base for the catalytic site on 
the enzyme directly involved in product synthesis (purine 
nucleoside phorphory lase) . 
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The pyrimidine a rab inor.u c leo S i 6c donors may be prepared 
by any of the met hods known ln Lhe art> for 

to the procedure described by Nishimura and Shimizu , Chen, . 
Phin,. BuU (Tokyo), 1965, U , 803. Purine arabinonucleoside 
donors .nay be prepared by any of the mc . chods known .„ the 
art, for instance, according to the procedures described by 
R-ifit et al. , J. Or£. Chew. , 1962, 2 7, 32 74. 

It has been found that both reactions described h.reir.abov 
are catalysed by various enzymes which are present i: . many 
different microorganisms and mammalian tissues. The phos- 
phorolysis of the donor arab inonuc leos ide is catalysed, for 
instance, by purine nucleoside phorphory lase if the donor is 
a purine arabinonuc leos ide , or by pyrimidine nucleoside 
phosphory lase, thymidine phosphory lase or uridine phosphory lase 
if the donor is a pyrimidine arab inonuc leos ide . The second 
reaction by which the desired purine arabinonucleoside is 
synthesised from the f ree base of formula (l) and arabinose-1- 
phosphate is catalysed by purine ..ucleoside phosphory lase . 

The required arabinosyl transferring enzyme system 
therefore may consist of the latter phosphory lase alone, or 
in combination with any one of the former type, if the 
arabinosyl donor is an arabinonucleoside of a pyrimidine or 
pyrimidine analogue. 

As previously stated, it has been found that the cnzyr.es 
required for the catalysis of the reactions employed in the 
process of the present invention occur in nuny different 
microorganisms as well as mammalian tissues. For the purpc.es 
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of the present invention, however, aerobic bacteria such a. 
B. .*««rothermophilus and especially E. coli B, which i. 
freely available from the American type culture collection 
under deposition No. ATCC 11303, were found to be excellent 
.ources of such enzymes. The bacteria which provide the 
enzymes may be cultured under a variety of conditions. 
However^edfa whUh" contained large quantities of glucose 
were found to be undesirable since the levels of the nucleoside 
phosphorylase enzymes in the bacterial ceils were depressed 
in the presence of glucose. 

It has been found that crude enzyme preparations are less, 
suitable than purified preparations. This is due to the fact 
that crude preparations contain troublesome nucleic acids as 
well as enzymes other than those required for the process of 
the present invention. The extraneous enzyme, in crude prep- 
aration, catalyse undesirable alterations of subatrates and 
products, and may even cause proteolysis of the required 
enzymes themselves. These factoxs decrease not only the yield 
of' the desired products but also the ease with which they can 
be isolated from reaction mixtures. 

In most cases therefore, it is desirable to purify the 
crude enzyme preparations before addition to the reaction 
.ixture. This may be achieved in a number of way. known in 
themselves in the art. For instance, the desired eneymes^may 
be separated or concentrated from extracts of the cells by a < 
combination of treatment with calciun phosphate gel -and ion 
exchange chromatography. Alternatively the cell extract may 
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be treated with streptomycin or nuclease ( DNA ase - RNA ^ ) 

prior to calcium phosphate gel treatment or by nuclease (jV*. 
ase -r RNA ase) treatment prior to ion exchange chro^co^rap; y 
Nuclease treatment is particularly advantageous if performed 
under dialyzing conditions at 4° to 40°C , preferably at 25°C. 
Gel filtration has been found to be especially useful as a 
late or final step in the purification when only relatively 
sma 1 1 vo lumes of liquid are involved. 

The enzymes, provided in a sufficiently effective state 
and concentration, may then be used to catalyse the afore- 
mentioned reactions. A typical reaction mixture contains an 
arabinosyl group donor, a purine base, inorganic phosphate, 
for example K^HPO^ , and the appropriate enzyme or enzymes in 
an aqueous medium or in a medium containing up to 50% of an 
15 organic solvent such as methanol, ethanol, propano. 1 , butanol, 

acetone, me thy lethy Ike tone , e t hy laceta t e , toluene, terra - 
hydrofuran, dioxane, dimethyl sulfoxide, t richlorome thane , or 
cel\o5olve. The preferred concentration of organic solvent 
is 107c. The inorganic phosphate concentration can be from 
20 0.001 mM to 2,000 mM, preferably 1 to 200mM . The reaction is 

performed at near neutral pH , that is , in the pH range of 
about 5 to 9 , preferably 6.0 to 8.5 and at a temper. Lure of 
3 to 70°C, preferably 25 to 45°C . Mild conditions are 
preferable since the glycosidic bond of purine arabino- 
25 nucleosides is labile under acid conditions, particularly, 

at elevated temperatures and the enzymes are unstable at 
extremes of temperature and pK . The preferable concentration 
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° • k c ro allow the reaction to 

„ llg th of time that one vrshes to allow 

C , for example when R, » H and 

. ed With some substrates, for exa p ^ 

pr °" " - ^forable to use larger amounts 

io riT") it is preferaDLc 
_ ci in formula U-W, 

in order to reduce the reaction time because of 
'f the enzyme m order 

Kocn and product in aqueous 
rt e J.n«.bility o£ th« P^ne ba.c P 

, t £ th e enzymes used are stored as 

reasons explained above. If 

• „«= thcv are preferably added to 
anoonium sulfate suspensions, they 

.entrifoged pellets from the suspensions 
the reactions as centrifuge v 

ra ther than as the whole suspensions. 

. salvaged from reaction mixtures, for 
Enzymes may be saivageo 

ntn -DEAE-cellulose after the 
instance, by batch adsorption onto DEAE 

taction h*s cached a satisfactory point and subse.uent 
rOT oval from the soluble components of the reaction mixture 
by centrifugation or by gel fixation of reaction mixtures . 
„ cases, enzy.es »ay he recycle hy virtue of the fact 
that the bul, of the product precipitates out from the 

^ y be added to the reaction fluid in order that product 
formation may be resumed. (See Example II ) • 

Us ually it i. Preferably that all the components are 

• nr solution but when highly soluble 
contained in suspension or solutxon 
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substrates are used an alternative procedure wherein a sol- 
ution of the reaction mixture components except enzymes is 
pumped slowly through a column to which the appropriate 
enzymes have been fixed, (ior instance, when the enzymes 
are adsorbed to a DEAF, - eel In lose column) may be preferable. 

It has been found that, if it is so desired, enzymes may 
b». conserved by allowing ructions to proceed for extended 
periods of time, for e: pie, up to thirty days or longer. 
However, for reaction tares which are incubated for more 
than one day it is desirable to have an antimicrobial agent, 
for example sodium or potassium azide or toluene, in the 
reaction mixture, unless the reaction mixture it sterilised 
by filtration or some other technique known to the art. 

The desired purine arabinonuc leosides may be recovered 
15 or isolated by any of the known means for separating mixtures 

of chemical compounds into individual compounds. For example, 
the separation can be effected by utilizing differences in the 
solubilities in various solvents -between the desired end 
product and impurities, the difference in their distribution 
coe:ficients between two solvent layers, the difference in 
their adsorbabilities to an adsorbent such as -exchange 
res.ns, the difference in their rates of passage through 
cros; -linked resins such as polyacry Lamide gels, or the 
difference in their crys tal lizabi 1 it ies from a solvent. In 
25 ca6e; - whe " the product crystallizes out of the reaction 

mixf.re, it can be collected by centrifugation or by filtration 
wit/, or without a filter aid. In practice, these means for 
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, • , r , carried out in combination or 
separation or isolation are. carried 

rho desired purity and state of the 
repeatedly depending on the d.sirea P 

products . 

, ni.,etrati' the invention but are 
The following examples illustrate 

not intended to limit it in any way. 



£^PLE_1 - EnzyjncLjuriiiEaLlon 

Ass ay Procedu res 

The purification of tU. -el..- -y»e. were .onitoreu 
by th e £ oUowi„ E assays, ... Of w h ic* were perforce « 2U C. 

L k „,„, activity was assayed spectro- 
Uridine phosphory lase activity ^ 

„ ar DH 7 4 and 282 nm (AE = 1,370 M _ cm ). 

photometrically at pH / .<* a 

p h o spna ce tafl « CpH 7 .A) ^en^e 

u • n 1 cm light path. The reactions 
in a quartz cuvette having a 1 cm lig 

, -.v, o Til ford recording spectro- 
wer e continuously monitored with a Gxlforu 

full scale recorder setting of 0.1 optical 
photometer using a full scale r 

density units . 

P^e nucleoside ,h.. P hor,U.. -tivit y was -niter.* 

at 251 ™ <>E - X.500 »•'..•'. — """" 

* notaesium phosphate (pH 8.0) were 
centrations of inosine and potassium p 

0 16 mM and 250 irM, respectively. 

One U nit of each enzyme activity was defined as that 

h-rh catalysed the formation of one micromc 
amount of enzyme which catalysec 

a t-he assay conditions described < 
of product per minute under the ass.y 

above . 
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Ceil Culture 

The media (550 £) for a culture of Esc he richia coli 
B (ATCC 11303) contained the following components in g/A. : 
18.9 Na 2 HPO A .7 h^O, 6.3 Kl^PO^ 0.2 MgS0 4 . 7 H^, 2.0 (NH^SO 
0.5 adenosine, and 8.0 Difco vitamin-free casa^inc acids. 
These components were dissolved in v/ater and the resulting 
solution was autoclaved. Cells were grown at 36°C with 
continuous aeration. When the culture reached stationary 
phase (17 hrs) , the cells were harvested by c en t r i f u ga t i cn . 
Preparation of the Cell Extr act 

The cell paste (2.5 kg) was susp ended in potassium 
phosphate buffer ( 5mM , 5 £), pH 8.0 and the cells were 
disrupted by means of a pressure cell. The supernatant fluid 
obtained upon cent rifugat ion of the disrupted cell suspention 
was sorted in aliquo^s at -73 °C . 
Treatment with Calcium Phosphate Gel 

Calcium phosphate ge] was prepared as described in 
Keilin, D, and Hartree, E.F., Proc . Roy . Soc. Ser . B. 1938, 
124 y 397 y except that deionised water was used throughout the 
procedure. The dry weight of the gel suspension was 36 mg/ml . 
The gel ) was slowly added to the thawed cell extract 

(3-£) (I in Tables I and 11) at 3°C with continuous mechanical 
stirring. This suspension was then stirred for one hr and 
centrifuged at 13,000 x g for 10 minutes at 3°C. The pellet 
was discarded and gel (5-f ) was slowly added to the supernat- 
ant fluid. After stirring for 1 hour at 3°C , this suspension 
was centrifuged at 4 , OOO x g for 10 minutes. The resulting 
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gel pellet (B) contained th. bulk of the uridine 

The resulting » f ™«- < 6 ' 2 f > <U - P ln Ta "° 

contained the bulR Of the purine nucleoside phosphorvlase . 

^rthorJiaUify^^ 

Purification of this en Z ye 1, in T » ble I - 

AU operation. were petfood at 3°C . Gel pellet B, described 
.hove, -a, upended in potassium phosphate buffer (4 < , 20 

p H 7.4, (Buffer A). After gentle "Irring I« 

,. 5 „«, the suspension ... ccntrifuged at 4,000 x s for 10 
.inutes. The supernatant fluid was saved a„d the pellet 
extracted as above with Buffer A (2 t. , 40 dM) . The suspension 
„. eentrifuged ,nd th. extraction -a, then repeated with 
iurther Buffer A (2 C , 40 To the combined supernatant 

fluid. (9.845*) <U-«) — ^ added °" y ™ 
CSchw.r*/Man„> — 1» k£ > ni "° S - 

seeing for 24 Krs , the precipitate was re.oved and discarded. 

sulphate was added to the clear supernatant wrth 
D echanical stirring over a cvo hour period. After the 
'precipitate had s«tt!ed for 48 hrs , the precipitate, was 
dissolved in Buffer A C20-O S-ing a final voiu.e of 845 »i. 
This soiution .as dialed against Buffer A (20 *. 20-*) for 
2i hrs and then against Buffer A (20 «. 29 I) for 4 hours. 

^-cellulose («hat„.n ..icrogranular DB-52X240 g) was 
sicwlv added with stirring to the dialed preparation (III-0) 
^ resin was washed with Buffer A (2« ) and then packed into 
. colu». The final resin bed di.ensions were 5 c. in di,»e- 
«r X 31 c in height. The uridine phosphorvlase activity 
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was eluted from the column with a linear gradient (3-6 ) 
Starting from 20 mM Buffer A and ending with 500 z*l Buffer 
A. The fractions containing the bulk of the er.zyne activity 
were pooled (690 ml) and this solution was dialyzed against 
Buffer A (5 mM, 25£) for 18 hours and then against Buffer 
A (5 mM, 21-f ) for 4 hours. 

Thedialyzate (IV-U) (765 ml) was applied to an 
ECTEOLA-cellulose column, 5 cm in diameter and 27 ce in 
height, which had been equilibrated with Buffer A (5 mM). 
After sample application, the column was washed with Buffer 
A (20 mM, 100ml). The bulk of the enzyme activity was 
not retained by the column. Solid anmoniuta sulfate was 
added to the combined fractions having the highest .•■ctivify 
<V-U) to a concentration of 3.0 M. ThTTc~tiv"ity~ cTThe" 
resulting suspension was stable when stared at i°C . 
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Step 



, nr Purifi- Recovery 
Total Specific Furitx } 
Volume, Activity Activity catio^ 



Cell extract 3.00 
9.85 



XX -U Calcium 

phosphate 
gel civ ate 

XXI -13 AiocQonium 
sulfate 
fraction 



Units units/tag -fold 
protein 

480,000 3.0 1 
352,000 7.6 2,5 



1>i0 248,000 7.5 



XV -U DEAE- 

cellulose 
chromatography 



0 .77 233,000 18-7 



2.5 



6.2 



V-0 ECTE0LA- 
cellulose 
chromatography 



0.57 



229,000 31.4 10- 5 



100 
73 

52 

4-> 

48 



■ " '. T^ineJJuclj*^^ 

Purification of this enzyme is summa 

, t (II -P) fr- the calcium phosphate gel 
To the supernatant (II *> 

n„i ose (Whatman microgram lar DE52) 
8te p (see above), DEAE-cellulose (Wha 

n i a dd-d with stirring at 3 C. After 30 
(150 g) was slowly added „ frcm the fluid 

the resin was separated from the 
™ ^ilihrat,on, the ^ 

by .eans of a Buchner funnel equipped with a 

The resin was then resuspeoded in Buffer A 
glass bottom. The res 

i m « After settling and 
j <-nm a column, aii-ci » 
(10 1*1) and poured into a 
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washing with Buffer A (10 mM , bl), the resin bed had 
the dimensions 4.9 cm in diameter x 14.5 cm in height. 
The column was then eluted with a linear gradient (4 / ) 
of Buffer A from 10 mM to 10OO mM. The combined fractions 
(III-P) having the highest enzyme activity had a volume 
of 2110 ml. This solution was dialyzed against deionized 
water (10^) at 3°C for 9 hrs . The dialyzate was applied 
to an ECTEOLi-cellulose (BioRad) column, 5 cm in dianeter 
and 25 cm in height, which had been equilibrated at 
25°C with potassium phosphate, pH 8.0, (Buffer B) (5 mM) . 
The column was washed with Buffer B (5 mM, 1 if ) and then 
eluted with a linear gradient ( 6 I ) of Buffer B from 5 to 
500 mM. The combined fractions having the highest 
enzyme activity (1V-P) had a volume of 2,470 ml. Solid 
15 ammonium sulfate was added to this solution to a concen- 

tration of 3.0 M . The enzyme was stable in this suspen- 
sion at 3°C ♦ 
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Step 



Total Specific Purifi- Recovery 
Volume Activity Activity cation (overall) 



I. Cell extract 3.00 

II -P Calcium 6.20 
phosphate gel 
supernatant 



Units 

53,370 
36,600 



Units/mg -fold 
protein 

0.34 1 
0.83 2.4 



III DEAE- 
-P cellulose 

chromatography 



2.11 20,700 



0.93 



2.7 



IV-P ECTE0LA- 
cellulose 
• chromatography 



2.47 18,300 



8.60 25.3 



100 
69 

39 

35 



EXAMPLE II - i.iHDiamin^^^ 
(2,6-Diaminopurine arabinonucleoside) 

The reaction mixture consisted of an aqueous suspension 
(U) which contained uracil arabinonucleoside (57 nmoles), • 
2,6-diaminopurine (118 mmoles), ( 3 mmcles), sodium 

azi de O mmoles), purine nucleoside phosphorylase (see Example 
I, 15,000 units) and uridine phosphorylase (^.e Example I, 
8,000 units). The mixture was adjusted to P :i 7.1 before 
addi tion of the enzymes. After 7 days at 37':. the insoluble 
material in the reaction mixture was collec/.d by centrifug- 
al and extracted with water (700 ml) at ! 3 V After 30 
ttinutes of mechanical stirring, the suspen [ on was allowed to 



10 



15 



20 
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settle at 3°C for 17 hr.. The insoluble material was coll- 
ected by filtration and then suspended in anhydrous methanol 
(1.8-0). This suspension was gently boiled for one hr after 
which. time the residue was collected by filtration and the 
filter cake washed with methanol (350 ml). The fil ter cake 
was then resuspended in methanol (350 ml) and boiled for one 
hr. After filtration an d washing as above, the filter calce 
was dried in vacuo yielding 8.07 g of product, designated 
"first crop". 

The filtrates from the above-described extractions were 
lyophilized and then returned to the supernatant fluid of the 
original reaction mixture. Additional uracil arabinooucleoside 
(44 mmoles) was added to thir mixture. After 5 days at 37°C, 
the insoluble material present in the reaction mixture was 
extracted as described above, yielding 9.08 g of product, 
designated "second crop". 

Anal. Calcd. for C 10 H 14^ 0 ^ 

Theory : C , 42.55; H, 5.00; N , 29.78 

1st crop found : C, 42.67; H, 5.10; N, 29.82 
2nd crop found : C, 42.67; H, 5.03; N, 29.65 
amax 0.5 N FaOH « 278,254 

The overall yield was 60.7 mmoles representing 2 51* 
yield of arabinonucleoside with respect to the amount of free 
base used and 60* with respect to the amount of uracil 

25 arabinonucleoside used. 
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EXAMPLE in - 6-amlno-9-B-D-arabinofu ranosylpurine 

(Adenine arabinonucleoside) 

The reaction mixture consisted of an aqueous suspension 

(1.18-C) which contained uracil arabinonucleoside (23.4 roles); 

adenine (22.5 mole.), (3 nole.), .odium axide (0.3 

moles), purine nucleoside phosphoiylase (1580 units, see 

Example I) and uridine phosphorylase (820 units, see Example I). 

The suspension was adjusted to pH 7.3 before addition of 
enzymes. After 19 day. at 37°C, the reaction mixture was 

maintained at 3°C for 17 brs. The insoluble material was 
then collected by filtration and washed with water (200ml). 
The filter cake was then suspended in water (200ml) and brought 
to the boil. After standing at 25°C for 17 brs, the insoluble 
material was collected by filtration and resuspended in water 
(310 ml). This suspension was boiled for 20 minute*, allowed 
to stand for 7 brs at 25°C and then for 17 hrs at 3°C The 
precipitate was collected by filtration. After drying in 
vacuo , the product vas obtained (2.51 g). 
Anal. Calcd. for C^H^N^ . 



Theory- 
Found 

0V Spectra 



C, 42.11; H, 5.30; N, 24.55 

C, 42.23; H, 5-35; H, 24.62 

t>H 7.0 xmax 260 nm 
>min 228 nm 



The overall yield was 9.4 moles representing a 41. 8X 
yield of arabinonucleoside with respect to the amount of 
free base used and 40.2X with respect to the amount of uracil 

arabinonucleoside used. 
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WHAT WE ClAIM IS: 



A process for pro*ducing 9 -B-D -arab inonuc leos ides of 



purines which comprises reacting a purine base of 



formula (I) 




H 



(I) 



wherein a) R is a hydrogen atom or en amino group and 
6 

R is a hydrogen or halogen atom or a hydroxyl, mercapto 

amino, alkoxyl, alkylthio, aryl "( lover) - alky Ithio or an 

2 6 
alkylamino group; or b) R is a fluorine atom and R 

2 

is an amino group; or c) R is a methy lamino group and 
6 

R is an amino or niethylamino group; 
with arabinose-l-phosphate in the presence of an arabinosyl- 
transf erring enzyme system of the phosphory lase type, and 
recovering the purine arabinonucleocide of formula (II) 



OH - 

e produced, wherein R and R , are as hereinbefore defined, 




(ID 



HO 




from the reaction medium. 
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, • 1 or claim 2 characterised 
ecK a6 claimed in claim 1 or ciauu 
X process as 

, u c „h a te is generated enzymatic - 
!„ that the arabinose-l-phosphate g 

,™binosyl donor and inorganic 

ally i£ from an * rabl - nosyl 
phosphate. 

. pr oce~ — U .U- 3 - 
th „.of with ^-nudeosidic -.»«.!. 

^^.o.ae.o^.^^e^—- 

• neration of arabinose-l-phosphate . 
enzymatic generation o . , 

as cl aimed in any preceding claim characterised 

A PrOCe " ^es are of -i«6bUl origin. 

in that the enzyme or enzymes are 

a6 clawed in claim 6 characterised xn that 
7- A process as claim etearo therm- 

™ PK are obtained from 3 stear 

the enzyme or enzymes are o 

, „ r K coli B Bfrain.ATCC 11303. 
. opjiz-lus or E col_ dinR tl aim characterised 

*- n 507. organic solvent, 
containing up to 50/. g rhara cterised 
eB8 as claimed in any preceding claim charact 
9 . A process as cia phosphate 

• mixture contains inorganic P no p 
in that the reaction mixture 

range of O.COl mH to 2000 mM. 
in the concentration range 

particularly 1 to 200mM . 
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A Process as claimed in any preceding claim characterised 
in that it is carried out in a medium having a pH of from 
5 to 9, particularly 6.0 to 8.5. 

A process as claimed in any preceding claim characterised 
in that it is carried out at a temperature of 3 to 70°C, 
particularly 25-45. 

A process as claimed in ^ny preceding claim characterised 
in that the purine arabinonuc leoside is recovered by ion 
exchange chromatography or crystallisation. 
A compound of formula (II) as defined in claim 1 charac- 
terised in that it is produced by a process claimed in 
any preceding claim. 
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